A retrospective study was performed on adult patients admitted for surgical drainage of deep neck infections and admitted to the intensive care unit (ICU) during a period of 52 months. Severe infection was defined as septic shock/severe sepsis, mediastinitis, empyema or necrotising fasciitis. Complicated course was defined as ICU stay >8 days, reintubation, tracheostomy, renal replacement therapy, critical illness, myopathy or mortality. Chi-square or Fisher's exact test were used to assess differences and the significance level was controlled for multiple comparisons applying Bonferroni's correction.
Although the incidence and severity of deep neck infections (DNI) have been very much reduced since the introduction of antibiotics and improved dental care, these infections still cause significant morbidity and mortality, commonly requiring management in the intensive care unit (ICU) 1, 2, 3 . Early diagnosis, timely surgical drainage, adequate antimicrobial therapy and airway support impact positively on outcome 2 . Since computerised tomography (CT) can both localise and define the extent of the infection, it is an invaluable tool to guide open drainage 4 and to identify serious complications 1 . Patients typically present with neck pain, trismus, laryngeal oedema, odynophagia, dysphagia or dyspnoea 5, 6, 7, 8 .
DNI are generally polymicrobial involving anaerobes and aerobes, such as Streptococcus viridans and Streptococcus haemolyticus 4 . There are no studies concerning DNI in the ICU, namely regarding the most common signs, symptoms, locations, microbiological findings, complication rate and mortality. Detection on admission of factors associated with a complicated course may be useful to improve management.
The hypothesis of our study was that there are clinical characteristics that can predict severe infection or a complicated course. The characteristics we have chosen to study this hypothesis were related to the patients, their comorbidities and the abscess itself.
The aim of this study was to identify ICU admission variables that were able to predict severe infection or a complicated course and to assess whether severe infection was associated with a complicated course in DNIs drained surgically and admitted to the ICU.
MATERIALS AND METHODS
This was a retrospective study of all adult patients admitted for urgent surgical drainage of DNI and admitted to the ICU between January 2006 and April 2010. All patients underwent CT as part of the routine investigation. Clinical records and an informatics database were used to collect data. The Institutional Ethics Committee approved the study and waived the requirement for informed consent for the retrospective review of medical records of the studied patients at Centro Hospitalar São João, an 1124-bed community teaching hospital in Porto, Portugal, between January 2006 and April 2010.
The following variables were collected: patient characteristics including gender and age, American Society of Anesthesiologists (ASA) physical status, comorbidities, signs and symptoms, location of the abscess defined by CT (peritonsillar, retropharyngeal or parapharyngeal), time between onset of symptoms and hospital admission, time between hospital admission and surgery, laboratory results at admission, microbiological findings, Simplified Acute Physiology Score (SAPS II) 9 , first ICU day Sequential Organ Failure Assessment (SOFA) 10 , Acute Physiology and Chronic Health Evaluation (APACHE II) 11 scores, antibiotic therapy, ICU and hospital length of stay, surgical reintervention, duration of mechanical ventilation, infectious and medical complications and hospital mortality. Cardiovascular, liver, respiratory and renal diseases were defined according to the APACHE II classification 11 . Other study comorbidities included diabetes mellitus 12 , metastatic carcinoma 9 , cerebrovascular disease 12 , substance abuse (drugs or alcohol) and the presence of human immunodeficiency virus infection. Dyspnoea was considered as respiratory rate over 20 breaths/minute and odynophagia/dysphagia when the patient was unable to eat with or without pain. The surgeon in the physical examination diagnosed neck swelling and trismus was defined as inability to open the mouth more than 3 cm. The following definitions for laboratory results were used: anaemia, haemoglobin less than 100 g/l, leucocytosis, leucocytes above 12,000 cells/mm 3 , leucopenia, leucocytes below 4000 cells/mm 3 and thrombocytopenia, platelets below 150,000 cells/mm 3 .
Definitions
Severe infection was defined as development of severe sepsis/septic shock, mediastinitis, empyema or necrotising fasciitis.
Complicated course was defined as ICU length of stay longer than eight days, reintubation, tracheotomy, renal replacement therapy, critical illness myopathy 13 and mortality.
Statistical methods
Descriptive analyses of variables were used to summarise data and chi-square or Fisher's exact tests were used to compare proportions between two groups of subjects. We controlled the significance level for multiple comparisons by applying Bonferroni's correction (test-wise significance level divided by the number of tests performed). All variables were deemed significant if P ≤0.002 (0.05/24=0.00208). SPSS 16.0 for Macintosh (SPSS, Chicago, IL) was used to analyse the data.
RESULTS
Fifty-four patients were reviewed with 57% being male and 43% female. The median age was 38 years (interquartile range 29 to 61). Thirty-three percent of the patients had comorbidities, namely diabetes mellitus (13%), cardiac (7%), pulmonary (7%) or hepatic disease (7%). None of the patients had renal disease or human immunodeficiency virus infection. Signs and symptoms present were: neck swelling(94%), odynophagia/dysphagia (57%), trismus (57%) and dyspnoea (35%). Abscess locations, based on CT images were: peritonsillar (82%), parapharyngeal (37%) and retropharyngeal (26%). Thirty percent of the patient had multiple site abscesses. The median time between onset of symptoms and hospital admission was four and a half days (interquartile range [IQR] 3.0 -7.0; range: 0-30) and mean time between admission and surgery was 0.9 days (range: 0-7). Median values for severity of disease scores were: 7 for APACHE II (IQR 5-11), 29 for SAPS II (IQR 20-39) and 2 for first ICU day SOFA (IQR 1-4). A microbiological study was performed in 93% of the cases (Table 1) with Streptococcus spp isolated in 44%.
Forty-four percent of the patients had blood cultures done, of which 4% were positive. The most common initial antibiotic regimen was clindamycin plus gentamicin (52%) followed by ceftriaxone plus clindamycin (7%). Antibiotic therapy was changed in 40% due to occurrence of a new infection or superinfection (38%), clinical failure (24%), deescalation (19%), inappropriateness (10%), toxicity (5%) and unknown reason (5%). Laboratory results at ICU admission are shown in Table 2 .
Criteria for ICU admission were severe sepsis or septic shock (17%) and postoperative surveillance with necessity of mechanical ventilation (83%). Severe infection occurred in 43%, namely severe sepsis or septic shock (39%), necrotising fasciitis (20%), mediastinitis (11%) and empyema (11%). Nosocomial infections occurred in 22% of the patients. and 7% of the patients needed renal replacement therapy. Global mortality was 9%: four patients died in the ICU and one patient died post-ICU, in the ward. variables associated with severe infection (Table 2 ) were retropharyngeal or multiple abscess location, ASA physical status III/Iv, APACHE II higher than 7, SAPS II higher than 29 and first ICU day SOFA score higher than 2.
variables associated with a complicated course (Table 3) were parapharyngeal abscess location, APACHE II higher than 7, SAPS II higher than 29 and first ICU day SOFA score higher than 2. Severe infection was associated with a complicated course.
DISCUSSION
Head and neck space infections remain potentially lethal if not diagnosed early and treated promptly 1 . In our case series there was no gender preference, although some authors 4 suggest that this pathology is more common in males (ratio of 2:1). Persons affected are mostly middle-aged (median, 38 years), as in other published series 4 . The great majority of the patients are aged less than 65 years old and classified as ASA physical status I/II (70%), meaning that most of these patients were previously fit and healthy. The four patients who died were previously healthy. The association between ASA physical status III/Iv and severe infection may be explained by the patients' septic state before surgery and not by any previous comorbidity.
Similarly to other series, neck swelling was the most common presentation of our patients 1 . None of the studied signs or symptoms were associated with severe infection or a complicated course; dyspnoea that was more frequent in severe infection (57 vs 19%) and in complicated course (47 vs 21%) did not achieve statistical significance following multiple comparison adjustment. Given the large difference in incidence this lack of significance may be a function of sample size.
Abscesses can be located in the parapharyngeal, retropharyngeal or peritonsillar space 3 . The most commonly encountered location was the peritonsillar (which includes submandibular space), in agreement with Meher et al 14 and Stalfors et al 15 , but in several other studies the parapharyngeal space was most common 16, 17 . The most dangerous locations seem to be the retropharyngeal (for severe infection) and the parapharyngeal (for complicated course). This is probably related to the spread of the infections from these spaces through the fascia to the mediastinum 3 . In our study 30% of patients had two or more spaces involved, which implies fast spread of infection between spaces, and this was also associated with severe infection.
Although diabetes mellitus was not associated with the studied groups (P=0.013), all patients with diabetes had a complicated course. The relationship between diabetes and poor outcome was previously described 1 . The reported associations with human immunodeficiency virus infection 18 , intravenous drug abuse 19 and poor outcome was not demonstrated in our study.
We could not find any association between laboratory results and severe infection or a complicated course. Leukocytosis was common but not constant as only 59% of the patients had a white cell count above 12,000 cells/mm 3 .
The estimated risk of hospital death was 7.6%, using the APACHE II, and 9.7%, using SAPS II. Therefore, SAPS II adequately predicted actual mortality rate of the studied group (9.3%), while APACHE II underestimated mortality. Both scoring systems and first ICU day SOFA correlated with a complicated course and severe infection.
The rates of severe sepsis (15%), septic shock (24%) and infectious complications-necrotising fasciitis (20%), mediastinitis (11%), empyema (11%) and death (9%)-were surprisingly high compared to those shown in the literature 1 . The percent of nosocomial infections (22%) is comparable with the literature 20 , and these patients do not seem to be more vulnerable to nosocomial infections than the rest of the ICU population.
The high rate of patients on antibiotics before hospital admission (70%) and the median time of five days between the onset of symptoms and hospital admission stress the importance of an adequate diagnosis and evaluation of extension followed by source control methodologies and appropriate antibiotherapy. However, longer time between symptoms and admission and delayed surgery were not associated with severe infection or a complicated course. Reasons for a high surgical re-intervention rate are the need to obtain better source control 3 and to limit the spread of the infection.
The antibiotic regimen has to cover gram-positive aerobes and anaerobes implicated in DNI, bearing in mind the incidence of polymicrobial infections, which was identified in 13%. Our most common microbiological finding in abscess drainage was Streptococcus spp (44%), which is in agreement with the literature 1, 4 . Positive blood cultures due to DNI were uncommon, with only 4% in our series. The initial antibiotic therapy was often changed (40%) and one-third of these were due to clinical failure or antibiotic inappropriateness.
More than half of the studied population had a complicated course. Techniques such as invasive evaluation of the airway by an experienced surgeon, CT scan for oedema evaluation and test for leak when the tube cuff is deflated may decrease the rate of reintubation (19%). Tracheostomy was performed in 30%, a higher rate than previously described (10%) 1 , which can be explained by the need for prolonged mechanical ventilation in our population. Although 83% of the patients were admitted to the ICU mainly for postoperative surveillance or need for invasive ventilation due to airway oedema, more than 52% had an ICU length-of-stay longer than eight days and a median duration of mechanical ventilation of seven days.
This study has several limitations. The small sample size may have limited the ability to document real differences among patients. Although we have tried to reduce type II errors with Bonferroni correction for multiple comparisons, we are aware that type I error may be inflated. Because of the retrospective nature of this study, we could not modify procedures and alter therapeutic options. Selected outcomes may be biased by the need for collecting registered data.
CONCLUSIONS
Serious complications like mediastinitis, empyema, necrotising fasciitis, septic shock, critical illness myopathy, tracheotomy and death occur frequently in patients with DNI with ICU admission.
Retropharyngeal and multiple location, APACHE II, SAPS II and SOFA scores are predictors of severe infection while parapharyngeal location, APACHE II, SAPS II and SOFA are predictors of a complicated course in patients with DNI surgically drained and admitted to the ICU. Severe infection is clearly associated with a complicated course.
